Purpose In the process of nowadays efficiency evaluation of any mode of transportation, sustainability results are the most important factor. In regard to railway sustainability, Train Control Information Systems (TCIS) are such advanced systems with important positive impacts. The main purpose of this study was therefore the evaluation of these impacts as well as the evaluation of Key Performance Themes (KPT) for sustainable railways. Methods Firstly a very detailed literature review of papers that have focused on TCIS and their improvements on railway sustainability, published in the scientific journal in the period from 2005 and 2016, was performed. The number of studies was then used as a main criteria in Analytical Hierarchical Process (AHP) evaluations or rankings of these systems and their impacts. Results The paper offers results from the first systematic review of papers which investigate the role of TCIS in terms of sustainability and, additionally, represents a refined approach to TCIS classification with a new classes descriptions. During review KPT for sustainable railways were also identified. Further, AHP evaluated the Train Management and Interlocking Systems and their subsystems as the most important TCIS, and safety and costs of equipment, installation, maintenance and operation as the most important themes.
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Introduction
For decades the global community has been concerned with the impact that transportation has on climate change, energy use and the environment. Additionally, limited financial resources for transport infrastructure require new and different approaches to constructing, planning, operating, and maintaining modes of transport [23] . Sustainability is therefore very important in the design of transportation solutions and infrastructure. However, there is still no standard definition and no standard way of considering transportation sustainability. Consequently, the progress towards transportation sustainability has to take place on at least three levels of sustainability: economic development, environmental protection, and social development and well-being [64] .
In terms of sustainability, it is evident that rail transportation has considerable advantages compared to those of other modes of transport, such as road and air transport. This is true particularly because it has the lowest negative impact on environment and society [140] . Given this, the role of the railway in transportation systems was emphasized by the EC [37] , resulting in various European Union Directives for the improvement of the primarily railway infrastructure components, services, safety, and interoperability [27] [28] [29] . Moreover, visions and goals of many railway systems, groups, and researchers are focused on further development of sustainable railways [33] and [100] .
According to Fan et al. [38] and Franklin et al.
[45] and many other researchers, the use or application of advanced Information and Communication Technologies (ICT), especially in conjunction with electronic technologies, together known as Intelligent Transportation Systems (ITS), has many different positive impacts on railway transport. Further, Chowdhury [24] stated that benefits, such as safety, mobility, efficiency, productivity, energy and the environment, and customer satisfaction Bin already deployed ITS applications are becoming readily apparent^, and highlighted the importance of the constant evolvement of ITS to Bmeet the needs of transport sustainability which is an essential part of any society's economy, environment, and progression^. ITS as a set of technologies Bshare the characteristics with systems of systems for improving performance^ [39] and represents Ba synergy of systems for improving performance^ [69] .
In terms of railways, Train Control Information Systems (TCIS) are a complex of systems [39] . Indeed, they are composed of a large number of various kinds of components (mechanical, electrical, computer, etc.) with different types of interactions (local, simultaneous, etc.), which are interconnected and operate in synergy with each other. As for rail transportation, Franklin et al. [45] categorized rail ITS as the union of BTraffic Management Systems, Traveler Information Systems and E-ticketing Systems^, where Traffic Management Systems include Rail Networks, Interlocking Systems in railway stations and Traffic Management Systems on trucks (outside of railway stations), known also as European Railway Traffic Management Systems (ERTMS). The ERTMS represents a unified Traffic Management System developed as a standard signalling system for European railways in order to harmonize TCIS. According to Goverde et al. [51] , a Railway Safety System (as a kind of TMS) can be further divided into (i) Interlocking Systems within the station, (ii) Automatic Train Protection (ATP) systems as systems for fall-back to driver errors, (iii) Signalling Systems for open track, and (iv) trackfree detection devices such as track circuits and axle counters.
Given that the number of different ICT and ITS (i.e. advanced) technologies used in railway systems is too large to deal with in the same paper, and considering that the TCIS are one of the most important of their subsets, having significant impact on railway transportation sustainability, we decided to focus only on these systems. For this purpose, we started with a thorough literature review of scientific papers in which TCIS and their components or subsystems were studied. Further, we made a classification of TCIS and grouped them into four classes. The basis for this classification was that provided by [39] , where TCIS are defined as a synergy of four components, namely BInterlocking Systems (IXL), Traffic Management Systems (TMS), Automatic Train Control (ATC) systems and Automatic Train Supervision (ATS) systems^. We made an alteration in this method of classification, adding one new class, the In-Cab Train Advisory Systems, reorganized the content of some classes, and extended the description of each class and their subsystems.
During the review special attention was devoted to those papers that highlighted improvements provided by the application of TCIS and their components in railway systems. Since the TCIS could have significant impacts on different issues of railway performance, we also identified the issues as key performance themes (KPT) for sustainable railway and classified them in terms of sustainability. Furthermore, reviewed papers (i.e., their number) were used as a basis for evaluation of the importance of TCIS and their components (i.e., ranking of technologies), and for evaluation of the importance of the improvements of sustainability issues (ranking of the KPTs). The evaluations -i.e., − rankings were performed using the Analytical Hierarchical Process (AHP) method.
The contributions of this paper are several. It is the first systematic review paper which investigates the role of TCIS in terms of sustainability and, additionally, represents a refined approach to TCIS and subsystems classification, as well as being an extended and detailed description of classes. Secondly, the AHP method for evaluation of TCIS and for evaluation of KPT for sustainable railways, as well as the combination of systematic review and AHP as in this paper, to the best knowledge of the authors, have not yet been used. Indeed, according to the systematic review of Multi-Criteria Decision Making (MCDM) techniques [86] , the AHP method was until now (precisely from 1993 to 2015) used only two times for evaluations in the field of railway traffic or railway transportation. In both cases it was used for other purposes than that in this paper: Mandic et al. [83] proposed an improvement of the two-phase multicriteria model in Serbian railways, and Gercek et al. [49] used AHP for an assessment of the rail transit networks. Ultimately, the approach we used for criteria selection for the calculation of relative importance weights in AHP process could also be considered unique. Usually judgments are subjective and rely on expert's opinions, surveys, etc.; but in our case, criteria were represented by the number of references.
We expect that the findings of this study will make a significant contribution to the research community in general, especially to the railway system community, which implies both decision makers and stakeholders. Regarding research community, our approach to extend traditional and systematic literature review using AHP could be simply reused in any other research. Further, the proposed approach provides overview of the trends in terms of research in the topic of the paper. The results of the research provide a good basis for further investigation of TCIS classes regarding KPT. Identification of importance of TCIS and their subsystems through KPT could be useful for policy makers when considering Bpoints^affecting the specific KPT when implementing new or upgrading extant systems. For example, since the construction of the new railway tracks is expensive, it could be useful to know that the implementation of ERTMS could improve capacity (by removing bottlenecks) [12, 34, 51, 71, 84, 114, 128, 131] , interoperability [12, 34, 45, 50, 51, 71, 85, 110, 131] , safety [6, 11, 12, 19, 44, 50, 51, 55, 71, 75, 79, 84, 85, 114, 125, 128, 131] , energy efficiency [34, 84, 114, 131] , and efficiency of operation [12, 34, 84, 85, 128, 131] . Further, according to the authors' opinions, these findings can ensure recognition of interactions between KPT and particular classes of TCIS. From that point of view, for instance, it is clear that upgrading passively protected level crossings into actively protected ones can provide a significantly higher level of safety [72, 80, 122, 135, 136, 149] .
The rest of this paper is structured as follows. The next section provides the research methodology and results. This is followed by a description of findings and a discussion. Finally, the last section provides conclusions, including limitations of the work as well as directions for future research.
Research methodology and results
The research for this study was conducted in three main steps: (i) systematic literature review, (ii) identification and classification process, and finally (iii) AHP evaluation process. The outputs of each step were the inputs of the next step.
The research therefore started with the rigorous and detailed systematic literature review of the scientific journal papers, primarily to obtain the answers to our research questions -which and how often individual TCIS and their subsystems were studied and what are the impacts of these TCIS systems and their subsystems on the sustainability of railways.
The next step in our research was a (re)definition of classes of TCIS and their subsystems, and of the set of KPT for sustainable railways. The basis (the input) for this step were results from the review, which were further studied and refined through our knowledge and prior research results.
The third step was dedicated to the two performances of the AHP method, where the number of references -i.e., reviewed papers -was used as the criteria for (i) evaluation of the importance of the classes of TCIS, and (ii) evaluation of the impacts of TCIS, denoted as KPT for sustainable railway.
At the very beginning of this study we hoped that we could find a relationship between classes of TCIS and individual KPT for sustainable railway and therefore be able to rank classes of TCIS according to the importance of their impacts on railway sustainability in terms of KPT, but this was not possible due to a lack of some data (essentially, we didn't have/couldn't obtain the same KPT for all classes of TCIS).
The complete research process is shown in Fig. 1 and described in details in following subsections.
Systematic review methodology
The main reason a systematic literature review has been used as a research strategy in this study lies in the fact that a systematic review is defined as Ba rigorous, replicable, scientific and transparent process^[10], the main purpose of which is Bto identify, present and discuss the most important contributions in a particular area of study^ [8] . It also Baims at providing a classification, conducting a thematic analysis, or presenting publication channels^ [108] .
As shown in Fig. 2 the review process was performed in two steps, namely basic and supplementary search. Basic search started with the application of the initial search string (information railway technology OR communication railway technology AND train control system OR monitoring system OR signaling system OR warning system AND improvement OR benefit), resulted from research questions, using the two most important (and largest) scientific databases for actual thematic analyses, Science Direct and Scopus. The initial search in Science Direct (SD) resulted in a very large set of papers (7388). The search was performed using title, abstract and keywords. Considering the inclusion and exclusion criteria (see Fig. 2 ), in the next iteration of the search only English written full-text for free available scientific journal papers, published in the period from 2005 to 2016 (the search was finished in September 2016), were considered. Because the number of found papers was still very high (3056), the process continued with abstract reading after which only 269 papers remained in the process. Regarding the Scopus, the search process with the initial search string performed using article title, abstract, keywords resulted in 54 papers. After applying the same limitations as in SD, the number of papers was reduced to 5. All 274 papers were first subjected to fulltext reading, where compliance with inclusion criteria and goal of research were checked by both authors. The snowballing process entered all papers, that both of authors considered fully suitable for the research. During the snowballing process, titles and (only when appropriate, i.e. when inclusion criteria were met) abstracts of references of all selected papers were checked with the aim of verifying whether any other paper met the search criteria within the scope of research. During this step, we did not find any new paper added. The final set of papers found in the basic search step therefore numbered 66.
The basic search was therefore focused only on those papers that considered TCIS or their subsystems from a sustainability point of view, emphasizing the improvements and benefits of these systems. Actually, a lot of papers consider TCIS or particular classes, and some of them also some aspect(s) of sustainability, but a lot of them did not indicate the improvements or benefits for railways (at least not in their titles, abstracts or keywords), or they only described systems from technical aspects and technological development. In this context and in order to improve the initial, basic search, we performed a supplementary search process (the search was performed in March 2017), where in the partial search strings were firstly defined and then performed on both the Science Direct and Scopus databases. All details about search strings, the process itself and the numbers of found papers for each string and for each database are shown in Fig. 2 .
The overall set of papers from the first and second step resulted in 129 papers. The list of the journals where these papers were published, is given in Table 1 . All these papers then entered the identification and classification process.
Identification and classification process
The process aimed to (i) define and appropriately (re)describe the classes of TCIS and their subsystems, and (ii) to identify and select those KPT that are relevant for measuring the impacts of TCIS for railway sustainability, both according to the literature review outcomes.
TCIS classes
The description of TCIS classes, made by Fantechi et al. [39] , was used as a starting point of our classification process because it fit well with our way of thinking on various points, starting from the assumption, that TCIS could in general be divided into a group of systems that are safety-oriented and those that are not. Further, they divided TCIS into four main classes, which are interconnected and operate in synergy with each other, namely Interlocking Systems (IXL), Traffic Management Systems (TMS), Automatic Train Control (ATC) Systems, and Automatic Train Supervision (ATS) Systems. The first important change we made to this classification is the inclusion of level crossings among railway IXL systems. The next one is the inclusion of ATS Systems in the ATC Systems class. After that a new fourth class was defined, In-Cab Train Advisory (In-CTA) Systems, that embraces all non-safety systems. Finally, classes have been also appropriately (re)described.
The description of TCIS classes and subsystems 1. Railway Interlocking (IXL) Systems are a kind of TCIS used in railway stations to control the safety of train movements [67] , defined as Ban arrangement of signals and their appliances connected to follow each other according to the correct sequence^ [150] . IXL includes train lines, separated on track segments, where each segment is connected to track circuits or axle counter [104] that detect, whether a particular segment is occupied by a train [18] . Switching points, as a special type of track segments, then allow the passage of the train from one train line to another [89] , while positions of switches [88] control the connection of track segments [90] . Further, signals, placed between track segments, control permission of train movement from one track segment to another through displaying of different colours (red, yellow, green) that inform the train driver about the state of the following track segments [150] . The route represents a series of related track segments [65] , most often through a set of switching points [141] , with the possible existence of level crossings [13]. [51] , and is implemented as an on-board part and as a part of fixed infrastructure. The second subsystem is the Global System for Mobile Communications-Railway (GSM-R) [6] , which is a communication system that allows continuous communication between the ETCS on-board part and the ETCS trackside parts through EURORADIO [19, 20] .
The ERTMS was introduced as a standard in order to replace and harmonize national railway control and signalling systems, which vary greatly from country to country [25] . There are three ETCS levels. Level 1 represents track to train communication, provided by Eurobalises located along tracks that interface with the existing signalling system and line side signals. Level 2 is an enhancement of Level 1 with movement authority from Radio Block Centre (RBC) through interlocking to on-board ECTS via GSM-R link, which enables the elimination of trackside signals. Level 2 covers track-to-train communication and vice versa. On this level, RBC calculates the correct movement authority, giving authorization to proceed (or not), with balises used to transmit static messages such as location, line profile, and speed limit. Further, Level 3 improves the ability of Level 2 so that train detection by the trackside is no longer required. At this level, the RBC uses GSM-R for transmission between track and train. Compared with Level 1 and 2 which are based on a fixed block signalling system, Level 3 allows a moving block signalling system; this means that as the train travels, the track receives the train location and train integrity from the train. Levels 1 and 2 are already widely applied in Europe, while Level 3 is currently under development [11, 110] . The ERTMS has been adopted in countries such as South Korea, Taiwan, Turkey, Algeria, Argentina, and New Zealand.
Inspired by the ERTMS, China has developed an equivalent signalling and control system, called the Chinese Train Control System (CTCS) [50] . American railways on the other hand are in the process of introducing a wireless network-based control system, commonly referred to as a Positive Train Control System (PTCS) [7] .
3. Automatic Train Control (ATC) Systems, composed of an on-board-trains part and trackside part, are intended to supervise and control the maximum train speed and automatically brake in case of need. In this way they improve the safety and adjust the train operations to guarantee punctuality (according to the schedule) and comfort [44, 76] . One example of automated train control is the communication-based train control system [160] [161] [162] . This class of systems include Automatic Train Protection (ATP), Automatic Train Operation (ATO) and Automatic Train Supervision (ATS) systems. ATP ensures the safety of movement of the trains and the consistent protection of the line traffic, stopping the train in case drivers fail to respect a signal [9, 43] . ATO is used for observing the maximum and safe speed limits, and also for stopping the train at stations, where the intervention of human drivers is reduced to the starting up of the train after each stop (often at the metro stations) [15, 32] . ATS functions are crucial and represent a nerve centre especially in degraded situations, such as unavoidable incidents, where operators' intervention is required [9].
4. In-Cab Train Advisory (In-CTA) Systems represent a class of those systems that aim to provide the train driver with a variety of important information. These systems can be divided into two main groups: In-Cab Information Support Systems, which provide information for passengers, for maintenance purposes, and video monitoring of the inside of vehicles, and Driver Advisory Systems (DAS) [40] . The latter complements signalling systems in terms of traffic management improvement procuring permanent 95, 96, 114, 116, 133, 151] information to drivers about train times with respect to the published timetable in order to achieve higher levels of punctuality, improvement of energy efficiency and avoidance of conflicts with other trains [105, 138] . With In-CTA systems energy consumption could be reduced while providing a smoother ride to drivers by giving them speed recommendations and informing them about potential conflicts within railway systems that lead to unplanned stops, cause additional delays and higher energy consumption [1, 36, 105, 117, 138] . According to the results of the simulation presented in [1] , DAS allow trains to reach 20% of energy saving in conflict situations in comparison to driving with the information received from signalling systems. Similar data i.e. possible savings with DAS of up to 28% has been highlighted in [34] . Based on the evaluations by Transrail, in [138] it has been pointed out that with DAS CATO (Computer Aided Train Operation) Swedish railways have shown possibilities for energy savings up to 25%. However, the reduction of savings is possible because they significantly depend on users (so there are instances of misunderstanding or lack of knowledge about the device, misinterpretation or ignorance regarding the advice) [1, 34, 105] . Therefore, although some studies have shown that DAS make it possible to achieve savings below that predicted, it may be concluded that smart and efficient driving techniques and greater knowledge of devices have the potential to save a larger amount of energy [1, 34] .
As the classes of systems and their subsystems were thereafter used as alternatives in the AHP evaluation process, their precise division into classes and their subclasses as well as related references for each of them, found during systematic review, are clearly shown in Fig. 3. 
KPT for sustainable railway classification
Another valuable output from systematic review was the list of key performance themes that were used for evaluation of TCIS from the sustainability point of view. The KPT in the list were considered as a set of sub criteria for evaluation of the importance of each KPT regarding individual TCIS classes and their subsystems. Key performance themes (KPT) could be related to appropriate sets of indicators used to report the progress towards delivery regarding factors identified as critical to the success of transportation organization's goals and objectives. As such, KPT can be helpful and play an important role in terms of monitoring and evaluation of sustainable development and sustainable transportation. In order to determine how TCIS contributions to our railway system are becoming more or less sustainable, measurement of impacts against related KPT is necessary. Therefore, to be more precise, measurement of railway sustainability actually refers to measuring the improvements regarding sustainable railway [31] .
Individual KPT were classified under the three pillars or dimensions of sustainability, transport and economy, environmental, and social. Among the common KPT that describe improvements by TCIS found in the literature for the transport and economy dimension, are the following (see Fig. 4 and Table 2 ): railway capacity, which is related to better utilization of rail tracks and networks, and efficiency of train operation, as an essential indicator which is generally related to assets on and around the track, as well as trains and their associated functions. Since the efficiency of operation entails numerous costs, cost of equipment, installation, maintenance and operation, were found. Further, significant improvements from TCIS are expected to be related to quality of railway service. Moreover, interoperability as one of the important issues, particularly for the trans-European high speed rail system (network), was addressed in terms of technical standardization. Interoperability improvements are related to users, but more importantly they are relevant for increasing efficiency, improving rail usage and minimizing operating costs. Furthermore, railway TCIS play an important role in the improvement of the level of safety and punctuality, which are the main themes that refer to the social dimension of railway sustainability together with the level of train service reliability and availability, which could also be significantly increased by the implementation of TCIS (see Fig. 4 and Table 3 ). Finally, enhancements of railway TCIS could have a positive impact on issues such as energy efficiency, which is the core theme of the environmental dimension of sustainable railways. The detailed classification of identified KPT, grouped by dimensions of railway sustainability, related classes of TCIS and their subsystems, including references found during review, are summarized in Tables 2 and 3 . 
About AHP
The Analytic Hierarchical Process (AHP) approach is a common, very popular and widely used Multi-Criteria Decision Making (MCDM) method [139] aimed at Bdecomposing, organizing and analysing a complex problem^ [82] and converting it into a hierarchical structure of various levels, such as goal, criteria, sub-criteria, and alternatives [118] [119] [120] . According to Harputlugil et al. [53] AHP is a better tool for solving the multi-criteria decision making problems in comparison to others (for example ELECTRE, DEMATEL, ISM, ANP, VIKOR and TOPSIS) because it is easy to use and a widely applicable and powerful tool for selection and evaluation purposes, both in engineering and social fields. Further, in the literature AHP has been used as a technique for identification priorities between factors, criteria or indicators in the purposes of selection and evaluation [5] . Moreover, it is applicable in decision making with various evaluation criteria under uncertain conditions.
AHP is based on a pair-wise comparison of the criteria or decision elements' importance with respect to the main goal to obtain their weights of importance, sometimes called also priorities or significances [121] . It helps decision makers to set priorities to alternatives with respect to each of the criteria, and to make the right decision. Thus, with AHP significances (relative weights) among criteria that are hierarchically nonstructured and vice versa in term of those belonging to a higher level are determined. The main advantages of the AHP method refer to the combination of qualitative and quantitative analysis, as well as the ability to capture both the subjective and objective aspects of a decision, helps control the consistency of measures, as well as reduce bias in decision making processes [109, 132] .
The steps involved in the AHP process, are described below:
1. Formulation of the aim of the work and hierarchy construction: Decomposition of decision problem into individual items, taking into account their common characteristics, and formation of the appropriate hierarchical model with different levels (at least three: goal, criteria and alternatives). 2. Formation of the pair wise comparisons: Through pairwise comparisons between factors on one level compared with specific factors in the immediate upper level, local weights are calculated. In order to express a judgment about the significance of one factor relative to another, a nine point Saaty's scale (Table 4 ) is used. are determined after pair-wise matrices are operated. As a result, the relative importance weights are calculated, where ∑w i = 1 should be for each pairwise comparison matrix.
Computation of the Eigen values, Eigen vectors and relative importance weights: Eigen values and Eigen vectors

Evaluation of the consistency ratio:
To check for the consistency of the decision maker judgment, the consistency ratio (CR) is computed:
ð Þ , where λ max is an Eigen value and n is the number of criteria. The judgment results are consistent, if calculated value of CR results less than 0.10.
AHP results
As stated above, due to the ability of determination priorities, in this paper an AHP process was implemented for the purpose of evaluation and ranking of two things, firstly different classes of TCIS (with their particular subsystems), and secondly different KPT as impacts of TCIS for sustainable railway.
In order to build appropriate hierarchies, two goals, BRanking the classes of TCIS^and BRanking of KPT for sustainable railways^were defined. The criteria for both evaluations was the same, the number of reviewed papers in which a particular system or KPT was studied. Alternatives for the evaluation were therefore classes of TCIS and their subsystems on one side, and KPT as indicators of improvements of TCIS for sustainable railway on the other. Based on the number of references, the authors have determined judgements from the Saaty's scale in terms of the mutual dominance of elements for each level in a hierarchy. Pairwise matrices were created for each class of TCIS -i.e., for subsystems comparison and then one matrix was created for comparison of classes of TCIS. After that, for comparison of KPT another pairwise comparison matrix was created. Figure 5 Very strongly important.
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9 E x t r e m e l y i m p o r t a n t . 2, 4, 6 and 8
Intermediate values.
pairwise comparison matrix for TMS in BSuper Decisionê nvironment. The process was similar for each pairwise comparison matrix. The relative importance weights were then calculated. The complete AHP hierarchies with computed relative weights and corresponding lists of references for TCIS classes and KPT for sustainable railways are given respectively in Figs. 3 and 4. At the end of the AHP process, as the most important step of AHP, the consistency ratio (CR) was computed. The value of CR for the classes of TCIS was 0.09, while the value of CR for KPI for sustainable railway was 0.07. In both cases the value of CR resulted in less than 0.10, so was acceptable, and therefore both judgments were consistent.
The AHP process was performed using BSuper Decisionsŝ oftware (version 2.8.0), which is very suitable and capable of practical problem solving; furthermore it is also fully adapted for AHP and ANP (Analytical Network Process) decision making.
Discussion of results
The value of the importance for classes of TCIS and their subsystems represents the information regarding how much they were studied in the scientific literature. The results of the BSuper Decisions^software (see Fig. 3 ) have shown that the Railway Interlocking Systems (IXL) and the Traffic Management System (TMS) are the most important classes of TCIS, followed by Automatic Train Control (ATC) systems and In-Cab Train Advisory (In-CTA) systems. Based on that, it could be said that the order of classes of TCIS imply their importance in the improvement and creation of sustainable railways. Since the IXL in interaction with TMS, which covers the whole railway network, are responsible for the betterment of more KPT, it is clear that they attracted more attention among scholars.
Furthermore, values for individual subsystems show, that within the Interlocking Systems the highest importance was given to level crossings, followed by switching points, train circuits, and axle counter. Among the Train Management Systems, the ERTMS has attracted the most attention (followed by the much lower ranked Railway Signalling Systems, CTCS and PTC, respectively) (see the results of the pairwise comparison matrix in Fig. 5 ). Further, ATP has the greatest importance within the Automatic Train Control Systems, followed by ATO and ATS. Finally, for In-Cab Train Advisory Systems, the Driver Advice Systems are more important than the In-cab Support Information system. Regarding the subsystems, findings indicate which of them within classes of TCIS play an important role for railways. As the level crossings represent Bblack points^for railways and road users, their upgrading can improve the level of safety. Then, in order to solve a problem of fragmentation of control systems and replace different ATP within Europe and improve some other KPT, ERTMS has proven to be a good solution. Classes of TCIS, such as ATP and Driver Advice Systems have a lower importance because their role is significant only for individual KPT.
Regarding the sub criteria -i.e., KPT for sustainable railway (see Fig. 4 ) -the importance indicates from which aspects classes of TCIS have been studied most commonly. Safety has reached the highest importance, which would mean that classes of TCIS and their subsystems have usually been considered in terms of safety. Although the railways are the safest mode of transport, there are concerns because each fault of the system can cause significant consequences, including fatalities. Consequently, solutions for modification of individual subsystems and comprehensive TCIS are necessary. The second most important point of view, from which TCIS and subsystems were studied, were in regard to the costs, including costs of equipment, installation, maintenance and operation. Since the mentioned cost can be very high, their potential reductions have been frequently considered in the literature. Compared to the previous, themes such as energy consumption, railway capacity, punctuality, and efficiency of train operation emerged as less important. The least importance was shown to be the quality of railway service, interoperability, reliability and availability. These findings provide the basis for further research of particular systems in terms of appropriate KPT. The results provide an overview of the trends of research, and primarily the role of ITCS in achievement of sustainable railways. Based on the importance of KPT, the priority area for raising the sustainability of railways should be recognised. Further, the presented results could be used as support in decision making in implementation of a new system such as ERTMS or in upgrading existing TCIS for different railway companies and all kinds of stakeholders in providing sustainable railways.
Conclusions
In the process of evaluation of the efficiency of any mode of transportation, the most important factor today seems to be its sustainability. Rail transportation has considerable advantages over other modes of transport, because of its relatively low negative impact on the environment and society, and it's very high importance in terms of capacity for the transport of people and cargo. The focus on the further development of sustainable railways is essential for every national economy. A significant contribution in this development can be assigned to modern information and communication technologies (ICT), known also as intelligent transportation systems (ITS), which represent a set of complex systems with many different positive impacts on railway transport. One of the most important among them is a set of Train Control Information Systems (TCIS). The complexity of TCIS may presumed from their complex classification, each class including many subsystems and technologies, one of the results indicated in this paper.
In order to be able to evaluate the importance of an individual class of TCI systems and their subsystems, a detailed literature review was performed and the number of studies (scientific journal papers) that have focused on TCIS and their improvements on railway sustainability was used as a main criteria in AHP evaluation or ranking of these systems. With AHP the highest importance was given to Train Management and Interlocking Systems and their subsystems. The same criteria -the frequency of study -was also used for the evaluation of Key Performance Themes for sustainable railways, also identified during the review. The most important themes were safety and costs of equipment, installation, maintenance and operation.
The results of the research presented in this paper are important for both, scholars for their future research into railway sustainability, and for other railway stakeholders and decision makers, who must select different systems and technologies for implementation in their railway systems with emphasis on increasing performance and sustainability. In order to achieve enhancement in terms of sustainability it is necessary to take into account interactions between classes of TCIS. Therefore, the findings can help in the recognition of relations between some classes of TCIS and KPT and their contributions for the improvement of railways. Moreover, based on the identified KPT appropriate key indicators could be developed which will be used as a measures in monitoring and evaluating classes of TCIS according to sustainable railways.
The research also has some limitations. First of all, the literature review was limited only to the scientific journal papers published in the English language during the period between 2005 and 2016, indexed into Science Direct and Scopus databases, of which the full text is available for free, focused on the TCI systems and subsystems and their improvements in regard to railway sustainability. Second, the search process was realized based on subjectively selected search string(s)/ keywords. Another limitation of the search process presents the fact, that the snowballing process was performed mainly on titles and publication type and date of referenced literature only for those papers that passed these criteria were the abstract and full-text read. Finally, the evaluation of TCIS classes and KPT was conducted through the qualitative judgements of authors. In the future, the research could include valuable technical reports, professional studies, and other papers, and also other ICT and ITS railway systems. Further, our criteria (i.e., number of found references for each system and/or themes) could be upgraded or verified by using the subjective judgments of railway experts. Finally, definitions and lists of individual indicators and measures for each KPT and the means of evaluation of TCIS through these indicators could be performed. 
